Abstract The present study analyzes scientific publications on mass gatherings, characterizing its development as an emerging research field. We identified publications on mass gatherings, analyzing the scientific production and carrying out a co-citation analysis. We identified the works of reference that have laid the intellectual foundation for the field as well as the main scientific disciplines and journals that have contributed to its development. We identified 278 documents that cited 7149 bibliographic references. The 2006-2010 period saw a dramatic increase in the number of works published. Papers on mass gatherings also appeared frequently in multidisciplinary journals of high visibility and impact. The co-citation analysis revealed the existence of five clusters or thematic nuclei in research of the area. One large cluster brings together different studies on the prevalence of infectious diseases associated with pilgrimages to Mecca, and another cluster focuses on planning and response for health services in the context of mass gatherings associated with sporting events. Different indicators help characterize the nature of this Scientometrics ( 2016 ) 109:1283 -1298 DOI 10.1007 /s11192-016-2083 emerging field, in which we observe the absence of a stable research community, the recentness of the bibliographic citations, and a high concentration of publications on the topic, with no peripheral areas of investigation. The study of mass gatherings is an emerging area of research with a notably multidisciplinary nature. Given the relevance and incidence of mass gatherings in relation to population health, it is necessary to foster the conditions that favor the consolidation of the field as a topic of research.
Introduction
The World Health Organization (WHO) defines a mass gathering as ''a planned or spontaneous event where the number of people attending is sufficient to strain the planning and response resources of the community, state or nation hosting the event'' (World Health Organization 2008) . In general, mass gatherings are understood as being concentrations of over 1000 people who are in a specific location for a particular reason (religious, sporting, social event, etc.), although a large proportion of the literature on the topic focuses on the analysis of mass events attended by 25,000 people or more. Mass gatherings provide ideal conditions for the transmission of different diseases, and they can generate a risk of situations like human avalanches, so planning and surveillance measures are essential to ensure participants' and populations' health wherever mass gatherings occur (Black et al. 2014 ; van Hal et al. 2009; Zielinski and Pawlak 2011) .
In the late 1970s, the first indexed references to mass gathering appeared in the main multidisciplinary databases and in MEDLINE. The concept was used in papers that aimed to establish the requirements for hygiene, public health and health services that should be considered when planning events for large crowds (Fodero 1976; Salvato 1976 ). In the 1980s, the healthcare perspective deepened further into the study of incidents occurring during these events, with researchers analyzing what types of interventions are required with the aim of developing guidance and recommendations on the most adequate type of emergency medical response (Sanders et al. 1986 ). In the 1990s and especially in the 2000s, new perspectives were incorporated, such as the study of infectious disease transmission during these events, the implementation of epidemiologic monitoring and surveillance systems, and the development of predictive models on the required interventions (Alzeer et al. 1998; Arbon et al. 2001; Lombardo et al. 2008; Wetterhall et al. 1998) .
The discipline of bibliometrics has consolidated over the last decades, permitting the analysis of scientific activity in a given area of knowledge based on the study of its scientific publications. Thus, it is possible to analyze scientific production, quantifying the number of published documents; analyzing their most productive authors, institutions or countries; and studying the degree of collaboration observed in the authorship of the documents and their visibility based on the number of citations they receive. Bibliometric indicators and methodological procedures can also be used to identify emerging and novel research topics, based on the analysis of the diachronic evolution of research activity, the determination if research is driven by a stable research community and the study of the obsolescence or age of the bibliographic citations in the documents. It is also possible to delineate the main lines of research under study in a particular discipline and, by means of methods such as co-citation analysis (as described and presented here), to determine the documents that have played the largest role in laying the foundation for its development (de Bellis 2009).
The general aim of this study is to analyze the development of the emerging field of mass gathering research through the study of the scientific publications on the topic. Specific objectives include identifying the works of reference that constitute the intellectual basis for current knowledge on mass gatherings, the disciplines that have contributed to its development, and the main journals that channel the dissemination of publications in the field.
Methods
Identification of the population of documents under study
The point of departure for our study was the identification of scientific papers that study any aspect related to mass gatherings. To that end, we used the following search strategy in the Web of Science database to identify potentially relevant records:
''Mass gathering'' OR ''Mass gatherings'' OR ''massive gathering'' OR ''massive gatherings''
We executed the search in the ''topic'' field, which is sensitive to the presence of the indicated concepts in the content fields (title, abstract and key words). We imposed no restrictions in order to offer the broadest possible perspective on the concept as it is studied in the literature. We only considered the concept of ''mass gatherings'', as this is the term formally used by both the WHO and the broader research community. Moreover, our review of the documents retrieved did not reveal any other variation, apart from the plural form ''mass gatherings'' or the derivation ''massive gathering.'' Our choice of databasethe Web of Science-is justified by its greater retrospective coverage of bibliographic citations from indexed journals in comparison to Scopus, which only includes bibliographic references from papers published in 1996 or later. The Web of Science also has a greater degree of homogeneity in terms of the format of the bibliographic citations. The Web of Science databases are a multidisciplinary source of reference that includes the content published in the most prestigious journals of different scientific disciplines. In addition, the broad focus of the study, which is not only based on the analysis of scientific production, but also on the study of the cited references, virtually eliminates potential biases that would overlook documents that are relevant to the discipline under study. In any case, we also collected information about the presence of the concept of mass gatherings in other databases, applying the same search strategy to Scopus, which has a much broader coverage of scientific journals, and to MEDLINE, which is the database of reference in the area of Biomedicine and Health Sciences. We performed the searches on 10 November 2015.
Characterization of the emerging nature of the research
We calculated the following bibliometric indicators in order to analyze the development of the field and particularly the emerging nature of the publications on mass gatherings:
• Indicators on scientific activity. We determined the number of documents published per 5-year period and the rates of growth observed between them. The main journals of publication and the areas of knowledge involved in the discipline were identified using the thematic classification of journals from Journal Citation Reports; in the case of journals assigned to more than one category, we converted document counts from whole numbers to fractions in order to reflect their contributions to different fields of study.
• Size and stability of the research community. We calculated the percentage of transient authors (those who have published only one paper) and the big producers (authors with more than nine published papers) (Price 1986 ).
• Age of the bibliographic references cited. We calculated the average number of years elapsed between the publication year of each identified paper and the median publication year of their references, carrying out a comparative analysis with regard to the age of the bibliographic references cited in all publications in the areas of knowledge involved in scientific production on mass gatherings. We opted for using the median to calculate the age of the cited bibliography to prevent possible bias caused by outliers (Jarić et al. 2014) , as done in the calculation of the ''half-life''.
Analysis of the intellectual structure of the area
To determine which documents and journals have been most influential in contributing to lay the intellectual foundation for the development and structure of the field, we chose to perform a co-citation analysis (at the document and journal level) and determine the degree of mutual intercitation in the identified documents. Two documents (or journals) are cocited when they are cited simultaneously in the list of bibliographic references of a third ''citing'' document, thus establishing a co-citation tie that may be of greater or lesser intensity depending on the frequency of this co-citation in the body of documents under study. The conceptual basis for this methodology is based on the assumption of a thematic affinity between co-cited documents; the greater the frequency of the co-citations, the stronger the affinity between the documents (Small 1973) . Moreover, the graphic representation of the group of co-citations between documents (or a fraction of them, generally those of greater intensity) and the application of statistical methods such as cluster analysis, allow the analysis of the resulting thematic groups, the structure of the field, and the interrelationship among them.
To perform the co-citation analysis of the documents, we identified the bibliography cited in each of the publications retrieved from the Web of Science and revised the uniformity of its presentation. In that sense, the lowercase and uppercase letters were unified, other graphic symbols were eliminated, and author names were homogenized to a single form in case their names were presented with a different number of initials across publications. Next, we quantified the frequency of co-occurrence for each pair of bibliographic references cited in the documents, generating a co-citation matrix made up of absolute values. Following the recommendations of specialized literature, we worked with the matrix of absolute values rather than transforming it into a matrix of measures of similarity (Leydesdorff and Vaughan 2006) . Finally, the co-citation matrix was created in the form of a network, and Persson's Party Clustering algorithm was performed to identify the existing research clusters (Persson et al. 2009 ). We also calculated the ''betweenness centrality'' of the documents, a measure used in Social Network Analysis that helps to determine which are the most influential papers throughout the network, that is, the papers that bring together a large number of other documents or that act as an intermediary or ''bridge'', permitting the connection between different thematic clusters (Glänzel and Thijs 2012; Small and Crane 1979) .
The co-citation analysis among journals was performed using the same methodological procedure, offering in this case a vision of the structure of the field with a greater degree of aggregation, as each journal has its own aim and scope in line with the area of knowledge it covers. To process the bibliographic information, generate the matrices with the co-citation ties and establish the existing clusters, the programs Microsoft Access and Bibexcel were used (Persson et al. 2009 ), after which the cocitation networks and maps were created with the Pajek program for analyzing and visualizing networks (de Nooy et al. 2011) .
With regard to analyzing the intercitation between the identified documents, we determined the percentage of documents tied to each other through direct citation, as well as the global centrality of the resulting network, which allowed us to characterize the degree of cohesion in the field (Shibata et al. 2011) .
Results

Scientific production in the Web of Science
A total of 278 documents on mass gatherings were identified from the search in the Web of Science database: 185 articles (66.55 %), 28 reviews (10.07 %), 24 commentaries or editorials (8.63 %), 22 proceedings papers (7.91 %), 11 letters (3.96 %) and 8 documents of other types (2.88 %).
The evolution in the number of documents published per year shows a dramatic increase in the number of works published in the 2006-2010 period, when 263 % more documents were published than in the previous 5-year period. This growth continues into the next 5-year period (2011) (2012) (2013) (2014) (2015) , when the growth rate stands at 135 % ( Fig. 1) . The area of Infectious Diseases dominates scientific production in the area (17.68 % of the documents), followed by Emergency Medicine (16.19 %); Public, Environmental & Occupational Health (14.27 %); and Medicine, General & Internal (13.97 %). Another 9 disciplines contributed over 1 % of the documents (16.7 %), and the remaining 21.3 % of the documents came from 55 other disciplines that contributed in a more isolated way. Table 1 shows the main contributions by discipline to area of knowledge concerned with mass gatherings.
The journals indexed in the Web of Science that have published the most documents on mass gatherings are The Lancet Infectious Diseases (n = 14), Annals of Emergency Medicine (n = 13), Travel Medicine and Infectious Disease (n = 12), Eurosurveillance (n = 9) and The Lancet (n = 9).
Research community of the area
The documents identified were published by 1050 different authors, of whom 85.62 % (n = 899) were transient authors, that is, they published a single document. Another 14.09 % (n = 148) signed 2-9 papers, while only three authors (0.18 %) published 10 or more: Z. A. Memish (Ministry of Health and College of Medicine, Alfaisal University, Riyadh, Saudi Arabia), M. Barbeschi (Department of Communicable Disease Surveillance and Response, WHO, Geneva, Switzerland) and J. A. Al-Tawfiq (Johns Hopkins Aramco Healthcare, Dhahran, Saudi Arabia). The mean number of authors per document stands at 4.97 ± 3.62 for all document types and at 5.70 ± 3.87 for original journal articles.
Age of the bibliographic references
The analysis of the age of the bibliographic references cited in documents about mass gatherings falling under the three main thematic categories, with relation to the age of the overall scientific production in those categories (Fig. 2) , reveals two aspects of note: in general, the cited bibliography is more recent in publications on mass gatherings, and in fact the mean age of the citations from 2009 to 2011 is lower than in previous chronological periods, which include citations to pioneering publications on the topic.
Scientific production in the Scopus and MEDLINE databases
A total of 518 documents on mass gatherings were identified in the Scopus database: 335 articles, 80 reviews, 37 conference papers, 23 commentaries or editorials, 14 letters, 14 chapters or book chapters, 7 notes and 8 documents pertaining to some other document type, such as errata or short surveys. Finally, the search in MEDLINE retrieved 414 documents (310 articles, 67 reviews, 21 commentaries, 15 letters and 1 erratum).
Intellectual structure of the area of mass gatherings
Of the 278 documents identified through the Web of Science, 251 included a total of 7149 bibliographic references (mean 28.48 ± 24.63). These references were used to generate a co-citation matrix of documents, made up of 165,899 different pairs of bibliographic references. The overwhelming majority of the co-citations (96.56 %, n = 160,196) occurred only once, 2.63 % (n = 4366) appeared twice, 0.47 % (n = 787) appeared three times, and 0.18 % (n = 300) appeared four times, and 0.15 % (n = 250) of the co-citations appeared in five or more documents. Figure 3 shows the 87 documents with the highest degree of co-citation (C5 documents), which constitute the most prominent sources of reference in terms of the degree of citation and the linkage with other documents. The performance of the clustering algorithm revealed five clusters or groups of documents. Most of the papers appear to be polarized around two large thematic clusters. One of them (I), bringing together 36 papers, is made up of studies that analyze the prevalence of infectious diseases associated with pilgrimages to Mecca, particularly influenza but also other pathologies like tuberculosis, pneumonia, pertussis, meningitis, and meningococcal disease. The other main thematic cluster (II), comprising 35 documents, deals with health services planning and response in relation to large sporting events like the Olympic Games and the FIFA World Cup. Another thematic cluster (III), though smaller in size (n = 8), is situated in the center of the network, acting as a bridge between the two main clusters mentioned above. It is made up of studies that highlight the importance of developing public health surveillance systems, particularly in countries or cities that are planning to host events attracting large numbers of visitors. Finally, two other small clusters are dedicated to analyzing the incidence of infections caused by Escherichia coli, Campylobacter, or influenza at events like music festivals (IV, n = 5); or developing simulation models associated with crowd behavior during or immediately after catastrophes, such as panic-induced human avalanches, with the object of better understanding, responding to, and mitigating the consequences of these situations (V, n = 2).
The calculation of betweenness highlights the importance of the documents that act as a bridge between thematic clusters and those that occupy a central location within the network. Among these documents are different literature reviews, such as Milsten et al. (2002) , which analyzes the association of different variables like weather, event type, event duration, age, crowd mood and density, attendance, and alcohol and drug use with the number of event attendees who receive medical care and the injury patterns that can be observed; Ahmed et al. (2006) , which focuses on the study of communicable and noncommunicable hazards that pilgrims to Mecca face; Arbon (2007) , which reviews the works published on Prehospital and Disaster Medicine, highlighting the importance of crowd planning and management for the effective delivery of emergency and other health services; and the most recent, Abubakar et al. (2012) , which addresses the association between the risk of contracting a communicable disease and mass gatherings. Other prominent papers that stand out within their respective research clusters are Balkhy et al. (2004) , which shows the necessity of establishing surveillance systems during the Hajj pilgrimage and emphasizes the importance of vaccinating for influenza; the papers by Arbon et al. (2001) , Thompson et al. (1991) , and Jorm et al. (2003) , which analyze the types of care required and the importance of health surveillance at events such as the Olympic Games; and the paper by Helbing et al. (2007) , which studies the factors contributing to critical crowd conditions and identifies situations in which crowd accidents are more likely. S1 appendix provides a complete list of all the bibliographic references for the documents included in Fig. 3 .
The co-citation analysis at the journal level (co-citation threshold C 30 documents) allows the identification and graphic representation of a co-citation network made up of 140 journals (Fig. 4) . It is worth noting that the most productive journals on the topic that are indexed in the Web of Science occupy the center of the network. Other journals in Medicine, General & Internal, apart from The Lancet, also stand out in the center of the network, such as the New England Journal of Medicine or the BMJ. The presence of the topic of mass gatherings in these journals is noteworthy, as they fulfill an important role favoring network cohesion, as evidenced by the numerous links to them and the density of relationships that they present. Another prominent journal is Prehospital and Disaster Medicine, which is located at the top of the network and shares ties with a wide array of journals that are mainly (but not exclusively) related to Emergency Medicine; it also has important ties to journals from other disciplines, particularly Emerging Infectious Diseases and Journal of Travel Medicine, which are located in the bottom and left side of the network, respectively. In these cases, the ties are mainly with journals from the areas of Infectious Diseases and Public, Environmental & Occupational Health. Finally, on the right side of the network, it is worth pointing out Physica A, which is related to a varied group of journals from different areas of Computer Science and Engineering, and which are connected to the main cluster of the network via multidisciplinary journals such as Plos One, Nature, Proceedings of the National Academy of Sciences of the United States of America, and Science.
With regard to the degree of intercitation in the 278 documents analyzed, it is worth noting that 79.28 % are interconnected by ties of direct citation, indicating that this network has a high degree of centralization (n = 0.018).
Discussion
The emergence of the area of knowledge concerned with mass gatherings is consistent with the justification put forward by Kuutti (1991) , who stated that a new research field emerges because there exist phenomena which do not fit nicely within the existing frameworks and are difficult to comprehend within existing research traditions. Our analysis suggests that mass gatherings are a multidisciplinary research topic sustained by three main disciplines, all of which study different facets related to these events: Infectious Diseases; Emergency Medicine; and Public, Environmental & Occupational Health. However, the topic transcends the strict borders of these disciplines when considered individually, as mass gatherings of people can act as a breeding ground for infectious diseases, just as they may require emergency medical services or advanced planning from public health services. In order to truly understand and address the phenomenon of mass gatherings, then, all of these disciplines must contribute to their research. Likewise, the topic is also relevant to numerous other disciplines with regard to the study of specific questions related to mass gatherings, both in the area of Health Sciences and in Science, Social Science and Engineering. It seems reasonable, therefore, to consider mass gatherings as a new multidisciplinary area of knowledge.
Some of the defining features associated with a consolidated research field, which should be promoted in relation to mass gatherings, include consolidated research activity, with a well-defined focus of study that builds on and deepens existing knowledge. These lines of research need to be driven by a stable scientific community that disseminates knowledge through specific scientific journals. The study of scientific publications by means of bibliometric indicators can aid the precise analysis of all of these aspects.
Calculating the number of documents published per year and the growth rates over time constitutes the simplest and most direct way to characterize the volume of research generated and the interest that a research topic attracts. With regard to scientific activity, the explosion in published documents on mass gatherings in the past decade (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) is especially noteworthy, as the rates of growth exceed by far those seen in more established disciplines or in scientific literature in general (Schaltegger et al. 2013 ). This growth is even more conspicuous if the database of reference covers more scientific journals, such as with Scopus or MEDLINE. This impressive increase in research output stands in contrast with the fact that the first bibliographic references date back several decades, prompting a search for explanations such as the one proposed by Klincewicz (2016) , who pointed out that an emerging topic ''might initially remain dormant, with the scientific community gradually learning about new concepts, but a breakthrough discovery spurs the subsequent increases''. The breakthrough in this case was probably not a discovery, but rather the push by the WHO, with their 2007 guideline document, Communicable disease alert and response for mass gatherings: key considerations, and the technical workshop held in Geneva in 2008, which brought together experts and representatives from around the world to discuss the content of the document, synthesize existing knowledge in relation to these events, and promote this line of work (World Health Organization 2008). As a result, the mass gatherings came into focus as an object of interest in the development of research policies, and different guidelines were published with recommendations and standards to follow in the planning and surveillance of these events (Zielinski and Pawlak 2011) . Prominent literature reviews have also been published, becoming fundamental reference documents in the literature on mass gatherings, as seen in the present study (Abubakar et al. 2012; Ahmed et al. 2006; Arbon 2007; Lombardo et al. 2008; Milsten et al. 2002) .
This spike in research has aimed to respond to repeated catastrophes with high casualties, occurring, for example, in the pilgrimages to Mecca, where a fire killed 217 people in 1997 and human avalanches led to 251 deaths in 2004 and 345 in 2006, to name just a few high-casualty examples. These kinds of tragedies also took place in the late 1990s and early 2000s, in the wake of different terrorist attacks by Al-Qaeda in the United States and Europe or by Chechen groups in Russia, for instance, during an open-air music festival at a Moscow airfield in 2003, where 15 people died and over 60 were injured. These incidents, together with others at sporting, musical or other kinds of events, demonstrated the potential risks associated with large concentrations of people and the necessity to address the issue as a public health problem (Lombardo et al. 2008; Jorm et al. 2003) , scientifically and from a preventive perspective, in order to develop adequate contingency plans for emergency medical care.
The development and consolidation of an area of knowledge is closely tied to the existence of a stable community of researchers that is dedicated to generating new knowledge on the topic at hand. This activity helps to lay a strong theoretical and conceptual foundation and to establish the paradigms that characterize the research field (Hoeffner and Smiraglia 2013) . The high rate of transience observed in relation with the publications on mass gatherings (85 % of the authors have only published one paper) is similar to that reported by Gordon (2007) with regard to publications on terrorism (83 %), revealing the incipient state of research in the area. Thus, it is essential to foster a regularity and constancy in the research, with a stable group of core investigators who are committed to advancing the research in the field.
For further development to occur, the topic of mass gatherings needs to be integrated into educational and research settings. Additional specialized research centers or groups could be created with a mission focused on mass gatherings; the WHO Collaborating Centers that exist in different countries could constitute a good model for this approach (see S2 (Dublin, Ireland) ; the Mass Gathering Medical Committee of the Japanese Association of Disaster Medicine (Tokyo, Japan); or the Mass Gathering Medicine Interest Group at the Department of Emergency Medicine in the University of British Columbia (Canada). All of these groups are responsible for a significant share of research in the area and reveal the emerging importance of the field in the academic and research sphere.
In the process of consolidation of an area of research, the existence of a niche of journals specific to the subject is also essential, as these publications make it possible to disseminate specialized knowledge on an area of study and to favor the articulation of a stable community of researchers that contribute to it (Gordon 2007) . In that regard, we did not identify any specific journal focused on disseminating papers about mass gatherings due to the emerging nature of the area. That said, in the future it would be desirable to see the materialization of these kinds of journals.
The fact that the main reference with regard to the cited bibliography is Prehospital and Disaster Medicine, even though this journal is not included in the Journal Citation Reports, suggests the necessity of including it in the Web of Science. Indeed, this journal has become the main channel of dissemination for a very relevant research topic, at least within the sphere of Emergency Medicine. At the same time, the fact that there have been contributions published in important medical journals (e.g., The Lancet, JAMA or BMJ) and high-impact multidisciplinary journals (e.g., PLOS ONE) is very positive and significant, as the presence of this line of research in these journals favors a broader acceptance of and visibility for the research field among the scientific community (Schaltegger et al. 2013) .
Different papers have proposed that the age of the cited bibliography in the documents may be another indicator of reference for determining the existence of an emerging topic of investigation, calling attention to the interest in deepening a given line of research (Jarić et al. 2014) . In the present study, the fact that the relative age of the cited references in publications on mass gatherings is lower than average in terms of the three main fields feeding into the generation of knowledge on the topic (Infectious Diseases; Emergency Medicine; and Public, Environmental & Occupational Health) confirms the observation made by Jarić et al. (2014) in the areas of ecology and environmental sciences, which highlighted the utility of the indicator of the relative age of references as a tool to identify emerging research fields. The field of mass gatherings conforms well to this pattern. However, our study reveals an additional nuance related to this indicator, suggesting that this phenomenon does not take place-or takes place at a much smaller scale-during the initial stages of a topic's development. Indeed, the earliest papers on a given topic may draw from an older body of work, and only when momentum in the field begins to pick up will the average age of references drop.
The degree of collaboration among authors in papers dealing with mass gatherings (4.97) is slightly below that of the values observed in other thematic fields such as in papers on Chagas disease (5.9) or leishmaniasis (5.51) (González-Alcaide et al. 2012 . Low mean values in terms of the number of participating authors on papers has also been identified as a distinctive feature of research on emerging topics, especially in medical publications. Mund and Neuhäusler (2015) attribute this fact to the difficulty in finding collaborators due to the scarce development of the topic.
The percentage of documents analyzed on mass gatherings (n = 199) that are integrated within a giant component and are interconnected by direct or indirect citation is 79.28 %-much higher than in other topic areas considered to be ''emerging'', such as intermodal freight transport literature (50 %) (Bontekoning et al. 2004) , and also higher than in large, proliferative and consolidated areas such as optics (72 %) (Takeda and Kajikawa 2009) . In addition to the structure observed in the co-citation analysis, which shows a centralization around two large research clusters, a high degree of concentrated knowledge is also apparent, confirming the nascent stage of research development. The field is based on a common theoretical foundation, without peripheral clusters addressing highly specialized areas of study or lines of applied research (Goldman 2014) .
With regard to networks, identifying the documents that occupy a prominent position within them via measures such as betweenness centrality is of particular interest in the areas of knowledge or emerging topics in which there are no traditional ''authoritative publications'' that establish the knowledge of the field. Likewise, in research areas or studies that draw on very recently published documents, betweenness centrality can help identify some of the future documents of reference for the discipline, given that the indicator is positively correlated to a higher number of future expected citations. These central documents also favor the connectivity and fast circulation of information within research networks (Shibata et al. 2007 (Shibata et al. , 2011 .
The main conclusions of the study carried out are the following:
1. Research into mass gatherings constitutes an emerging area of knowledge, as evidenced by the high number of transient authors observed, the absence of a stable research community, and a high degree of concentration within publications on the topic. 2. There has been a dramatic increase in the number of publications on mass gatherings since the late 2000s, coinciding with the impetus given by the WHO as well as the publication of different documents and literature reviews of reference on the topic. 3. The field of mass gatherings constitutes a markedly multidisciplinary area of knowledge, in which there are prominent contributions from the broader fields of Infectious Diseases; Emergency Medicine; and Public, Environmental & Occupational Health. The topic of mass gatherings has also been featured in important general medical journals and in multidisciplinary journals of high impact and visibility. 4. The co-citation analysis helped to identify the documents and thematic areas that comprise the intellectual structure of the field of mass gatherings, made up of two prominent research clusters related to different types of events: on the one hand, pilgrimages to Mecca, with a strong focus on infectious diseases; and on the other, sporting events, with more attention given to planning for emergency and healthcarerelated aspects.
No research work is free from the risk of incurring possible biases or limitations, repeatedly cited in scientific literature with regard to bibliometric studies and citation analyses, which are the methodologies utilized in the present study (MacRoberts and MacRoberts 1989; Moed 2005) . However, we believe that the observations made can be of interest for investigators in the area, as they offer a number of quantitative indicators to evaluate the stage of its development and bring visibility on an emerging topic of great social relevance to the wider research community and the administrators of scientific policy. The news of incidents or casualties due to stampedes at mass gatherings are reported periodically by mass media whenever a large tragedy occurs, such as the stampede at Phnom Penh (Cambodia) during the 2010 Festival of Water, when 456 people died after being trapped on a bridge, or the recent human avalanche that happened during the 2015 pilgrimage to Mecca (Saudi Arabia), when an estimated 2000 people died. These events, together with the rise of terrorist attacks from groups linked to the Islamic State of Iraq and the Levant or other terrorist groups, which try to take advantage of large concentrations of people to commit their attacks, and the epidemic outbreaks associated with mass gatherings that have proven that these concentrations can favor the propagation of infectious diseases, all point to the importance of continuing to foster the generation of knowledge on the real and potential risks associated with mass gatherings. Only with this knowledge can these gatherings be adequately planned and effectively managed to reduce or mitigate the incidents and emergencies that may occur.
